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Abstract 
Using the electromagnetic emission of coal-rock testing system, the relation between load change and 
electromagnetic emission of coal under uniaxial compression was investigated in the laboratory, and the power 
spectrum density and wavelet energy spectrum coefficients of electromagnetic emission signals were analyzed. The 
results show that the electromagnetic emission signals are closely related to the deformation and fracture of coal, and 
their frequencies are positively correlated with crack propagation velocity and crack density and show a trend of first 
increase, then decrease and final increase; the electromagnetic emission signals are distributed mainly in 50-500kHz 
band; the energy characteristic of electromagnetic emission signals, which is deduced by the wavelet energy spectrum 
coefficient method, shows that the signals concentrate in 93.75-750kHz band, and there is a certain correlation 
between the energy change in 375-750kHz band and the intensity of electromagnetic radiation signals. 
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Electromagnetic emission (EME) of coal-rock is a process and phenomenon in which coal-rock body 
radiates electromagnetic energy in its fracture under loading deformation. It is found in a large quantity of 
experiments that all coal-rocks radiate EME under uniaxial loading or complex stress conditions like 
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cyclic loading, creep, relaxation, friction, impact and so on [1-4]. The EME characteristics in coal fracture 
at the laboratory and the applied theory for coal and gas outburst forecasting on the site is studied [5-7]. 
However, it is still the main issue to capture EME signals accurately and identify the EME signal sources 
for coal-rock dynamic disasters forecasting technology using EME. In this paper, an uniaxial compression 
experiment study of the coal sample of Chengzhuang mine is presented, and the characteristics of EME 
signals frequency and energy distribution in each band are studied by the methods of power spectrum 
estimation and wavelet analysis, which provides a new idea for further study on the characteristics of 
EME signals during the fracture of coal and rock. 
1. Study of EME during fracture of coal 
1.1. Experiment of coal under uniaxial loading 
The EME of coal-rock test system is composed of EME waveform data acquisition system, load-
displacement recording system and electromagnetic shielding system, and its system structure diagram is 
shown in Figure 1. The coal sample is taken from a large lump of coal sample of Chengzhuang Mine 
which is produced by notch method and cut into cylindrical with the dimensions of Φ 50×100 mm by core 
sampler. 
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Fig. 1. Schematic diagram of the EME of coal-rock test system 
1.2. Experimental results 
The coal sample taken from Chengzhuang Mine was tested in an uniaxial compression experiment, 
and the loading curve and the experimental results are shown in Figure 2 and Figure 3. The results 
indicate that: in the initial loading stage, as deformations and micro-cracks were formed in the coal 
sample, EME signals increase with the stress raising; then because of the development of deep fissures in 
the coal sample, the energy accumulate and EME signals are at a lower ebb, and there’s a quiet period; 
when the coal failure is impending, a large number of micro-cracks generate and penetrate in the coal 
sample, so EME signals amplitude and their pulse number increases, leading to another signal peak; after 
the coal failure, the EME strength of the coal sample decreases along with damage energy releasing. It is 
shown that the EME of coal is a form of energy radiation during the facture of coal which is closely 
related to coal deformation and fracture. 
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Fig. 2. Stress-time loading curve of coal sample 
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Fig. 3. EME signals of coal sample under uniaxial compression 
2. Spectrum distribution of EME signals during fracture of coal 
2.1. Sampling of EME signals  
The EME signals of coal samples are received by broadband antenna, and sampling rate is 2.5 MHz, 
and sampling number is 2048, and sampling time is 0.819 ms. The signal samples are selected every 3 
seconds after the acquisition system begin to receive the EME signals; the last two signal samples are 
selected 1 second before failure and 2 seconds after failure. So, 8 signal samples are chosen at 12s, 15s, 
18s, 21s, 24s, 27s, 45s and 48s, corresponding to the stress state at 36.38%σ , 41.46%σ , 48.59%σc c c, 
56.48%σ , 61.35%σ , 65.75%σ , 99.93%σ  and post-failure, including σc c c c c for coal sample of compressive 
strength. Take EME signal at 45s (1 second before failure) as an example, its wave and Fourier spectrum 
are shown in figure 4. 
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Fig. 4. Spectrum of coal sample under uniaxial compression at 45s 
2.2. AR model power spectrum estimation based on Burg algorithm  
Power spectrum estimation is the main method of digital signal processing, which estimates the 
changing relations between the signal power and frequency by signal correlation, aiming at extracting 
useful signals from noise. Therefore, using power spectrum estimation is effective to indentify the 
characteristic frequency of EME signals and analysis its power distribution in the whole frequency band. 
AR model power spectrum estimation is one of the most commonly used methods of modern spectrum 
estimation. AR model, or regression model, is an all-pole model expressed to be a difference equation as 
follows: 
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where,  is a random signal sequence, )(nx )(nω  is a noise sequence with the mean of  0 and the variance 
of , p is the order of model AR,  is the AR model parameter at order k. ka2σ
The calculation formula of power spectrum estimation is: 
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Burg algorithm is a popular method on parameter extraction for AR model power spectrum estimation 
which has good quality of spectrum estimation. Its basic idea is to keep the sum of the forward and 
backward prediction error power of the sequence x(n) minimum. No need to estimate the autocorrelation 
function of data, AR model power spectrum estimation based on Burg algorithm can be calculated directly 
according to the prediction error. Its best advantage is that this method can achieve good estimation 
quality with high frequency resolution when data is short or not completely stationary. 
2.3. Power spectrum characteristics of EME signals during fracture of coal 
Power spectrum estimations of eight signal samples by AR model based on Burg algorithm are 
calculated. Take EME signal at 45s as an example, the power spectrum density is shown in Figure 5, and 
the power spectrum peaks are located at 46.39kHz, 107.4kHz, 168.5kHz, 234.4kHz, 266.1kHz, 307.6kHz, 
1451ZHU Chenwei and NIE Baisheng / Procedia Engineering 26 (2011) 1447 – 1455 Author name / Procedia Engineering 00 (2011) 000–000 5 
349.1kHz, 380.9kHz, 429.7kHz, 507.8kHz and 578.6kHz. Power spectrum peaks distribution of EME 
signals at different stress levels is shown in Figure 6. 
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Fig. 5. Power spectrum density of coal sample under uniaxial compression at 45s 
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Fig. 6. Power spectrum peaks distribution of coal sample under uniaxial compression 
From the analysis of power spectrum peaks distribution and peak frequencies of EME signals at 
different stress levels, it is found out that during the whole fracture process the power spectrum density of 
EME signals in 600-1250kHz band stays at a relatively lower and constant level without apparent 
spectrum peak. So this band is the main band of background noise during acquisition process containing 
less characteristics frequencies of EME signals. During the different loading stages, power spectrum 
density of EME signals in 0-500kHz band stays at a high level, and the peaks distribution changes with 
the loading change, so this band contains the effective EME signals. In particular, the power spectrum 
peaks distribution of EME signals in 50-500kHz band is the densest and staying at a high power state, so 
the band of 50-500kHz is the main band where EME signals distribute densely. 
Meanwhile, the change of the number and frequencies of power spectrum peak of EME signals 
presents M-trend: in the initial loading stage, the spectrum peaks are less and peak frequencies are lower; 
then, the number and frequencies of power spectrum peaks appear “rising-dropping-rising” changing 
tendency; before coal sample failure, the peak frequencies are the highest and peak distribution is the 
widest; finally, both number and frequencies of power spectrum peak decrease after coal sample failure. 
According to the theory of rock fracture electromagnetic emission quadrupole model [8], the increase of 
crack density will lead to the increase of frequency of EME. Therefore, during the early deformation and 
fracture, micro-cracks are formed and crack density is small, so the frequency of EME is low; then with 
the cracks extending into the core of coal sample and coal particles compressed gradually, crack 
propagation velocity and density increase at first and then decrease, so the frequencies of EME changes 
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from high to low; in the late loading stage, with crack propagation accelerating, crack density rises and the 
frequencies of EME signals increase; After coal failure, as a result of unloading, crack propagate slowly 
and crack density decrease, causing the frequencies reduction of EME signals. 
3. Energy analysis of EME signals during fracture of coal 
3.1. Wavelet energy spectrum coefficient analysis 
According to the definition of wavelet transformation and reconstruction, signal  decomposed by 
J-layer wavelet transformation can be divided into J+1 frequency components, namely: 
)(nf
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 is the low-frequency time domain signal decomposed by J-layer wavelet, DWhere, AJ j is the high-
frequency time domain signal decomposed by j-layer wavelet. 
For the components of wavelet transformation on each layer,  is defined as the energy of low-
frequency signal decomposition on layer J, and is the energy of high-frequency signal 
decomposition on layer j by equation (4) as follows: 
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And the total of signal energy is as follows: 
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Because each layer of wavelet decomposition corresponds to the components of signals on different 
frequency bands, the energy on each layer is related to the spectrum distribution of signals. The wavelet 
energy spectrum coefficient is defined as the ratio of each component energy of wavelet decomposition 
and total energy by the parameters  and  following: AJrE
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where,  is the wavelet energy spectrum coefficient of low-frequency signals on layer J;  is the 
wavelet energy spectrum coefficient of high-frequency signals on layer j。 
D
jrEAJrE
Wavelet energy spectrum coefficient represents the energy distribution of signals in frequency band on 
each wavelet decomposition layer. As the different characteristics of signal sources, the signals contain 
different information, causing the different energy distributions of signals on different frequency bands. 
Therefore, the characteristic of EME could be analyzed by wavelet energy spectrum coefficient. 
Components information of EME signals on different decomposition layers could be reflected by the 
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energy distribution of different decomposition layers. If the signal energy only distributes on some 
decomposition layers by wavelet transformation, noise information could be contained on the other 
decomposition layers. 
3.2. Wavelet energy spectrum coefficients of EME signals during fracture of coal 
The wavelet energy spectrum coefficients of the eight signal samples at different stress levels are 
calculated when wavelet basis is db8 and decomposition layer is five. Take EME signal at 45s as an 
example, analysis results of wavelet transformation are shown in Figure 7, as A5 and D5, D4, D3, D2, D1 
are respectively corresponded to the signals decomposition of high-frequency and low-frequency. In 
theory, these six bands are: [0, 46.875], [46.875, 93.75], [93.75, 187.5], [187.5, 375], [375, 750] and [750, 
1500] (in kHz). The results of wavelet energy spectrum coefficients of the signal samples are shown in 
Table 1. 
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Fig. 7. Wavelet transform and its spectrum of coal sample EME at 45s 
Table 1. Wavelet feature energy frequency coefficient of coal sample EME signals 
Wavelet energy spectrum coefficient (%) 
Layer 
12s 15s 18s 21s 24s 27s 45s 48s 
D1 0.07 0.03 0.04 0.24 0.03 0.05 0.11 0.29 
D2 3.67 7.51 7.69 22.12 11.56 5.42 39.49 38.07 
D3 77.06 71.95 91.14 70.44 84.11 91.95 55.5 59.99 
D4 5.78 19.57 0.65 5.86 3.00 1.54 4.62 1.51 
D5 8.95 0.69 0.48 0.67 1.23 0.83 0.25 0.12 
A5 4.47 0.27 0.006 0.68 0.07 0.21 0.02 0.02 
 
From the analysis results of wavelet energy spectrum coefficients in each load stage, it is shown that 
the energy of EME signals concentrates on layer D2, D3 and D4, whose frequencies are from 93.75kHz to 
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750kHz, accounting for more than 98% of the total energy. Meanwhile, during the whole loading process, 
the wavelet energy spectrum coefficients of signals on layer D1 and A5 are less than 1% and no 
significant change while their frequencies are lower than 50kHz or higher than 750kHz, so it can be sure 
that signals in these bands are noise, and should take effective measures to filter out when monitoring 
using EME. In particular, during the most time while loading or unloading, the energy is most 
concentrated on layer D2 and D3 whose frequencies are from 93.75kHz to 375kHz, so these bands are the 
main frequency distribution of EME energy and should be focused monitoring. 
On the layer D2, the wavelet energy spectrum coefficient appears to be the change characteristics that 
increases at first, then decreases, and then increases, finally decreases, which is consistent with the 
analysis results of power spectrum and the intensity trend of EME signals. Especially, at the time around 
failure from 45s to 48s, the wavelet energy spectrum coefficient of coal samples on layer D2 increases 
significantly. So the wavelet energy spectrum coefficient on layer D2 (375-750kHz), as the energy 
proportion, is correlated with the intensity of EME signals, which is important to rich the index system of 
coal-rock dynamic disasters forecasting technology using EME.  
4. Conclusion 
(1) The experimental results of coal sample of Chengzhuang Mine under uniaxial compression show 
that EME signals increase with the stress rising during fracture of coal, and reach maximum when coal 
failure.  
(2) Power spectral density diagrams of eight signal samples are drawn by AR power spectrum 
estimation model based on Burg algorithm. Research shows that the band from 50kHz to 500kHz is the 
main distribution band of EME signals of coal sample, and the band from 600kHz to 1250kHz is the main 
distribution band of background noise; the number and frequencies of power spectrum peak of EME 
signals present M-trend with the load changing, and the frequency of EME is positive correlation to the 
crack propagation velocity and crack density. 
(3) The analysis of wavelet energy spectrum coefficients of the eight signal samples at different stress 
levels under uniaxial compression indicates that the energy of EME signals concentrates on the band from 
93.75kHz to 750kHz, and the main band of energy is from 93.75kHz to 375kHz; there is some correlation 
between the energy changes in the frequency band from 375kHz to 750kHz and the strength of EME 
signals. 
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